Prompt neutrophil arrival is critical for host defense immediately after injury [1] [2] [3] . Following wounding, a hydrogen peroxide (H 2 O 2 ) burst generated in injured tissues is the earliest known leukocyte chemoattractant [4] . Generating this tissue-scale H 2 O 2 gradient uses dual oxidase [4] and neutrophils sense H 2 O 2 by a mechanism involving the LYN Src-family kinase [5] , but the molecular mechanisms responsible for H 2 O 2 clearance are unknown [6] . Neutrophils carry abundant amounts of myeloperoxidase, an enzyme catalyzing an H 2 O 2 -consuming reaction [7, 8] . We hypothesized that this neutrophil-delivered myeloperoxidase downregulates the high tissue H 2 O 2 concentrations that follow wounding. This was tested in zebrafish using simultaneous fluorophore-based imaging of H 2 O 2 concentrations and leukocytes [4, [9] [10] [11] and a new neutrophil-replete but myeloperoxidase-deficient mutant (durif). Leukocyte-depleted zebrafish had an abnormally sustained wound H 2 O 2 burst, indicating that leukocytes themselves were required for H 2 O 2 downregulation. Myeloperoxidase-deficient zebrafish also had abnormally sustained high wound H 2 O 2 concentrations despite similar numbers of arriving neutrophils. A local H 2 O 2 /myeloperoxidase interaction within wound-recruited neutrophils was demonstrated. These data demonstrate that leukocyte-delivered myeloperoxidase cell-autonomously downregulates tissue-generated wound H 2 O 2 gradients in vivo, defining a new requirement for myeloperoxidase during inflammation. Durif provides a new animal model of myeloperoxidase deficiency closely phenocopying the prevalent human disorder [7, 12, 13] Figure 1A) . In WT embryos, [H 2 O 2 ] peaked at 28 6 4 min after wounding and then declined, whereas in leukocyte-depleted embryos, the wound margin [H 2 O 2 ] was sustained at near-peak levels for R 90min ( Figure 1A ). Furthermore, the WT H 2 O 2 response was limited to the wound vicinity, but in leukocyte-depleted embryos, [H 2 O 2 ] also progressively increased in the trunk distant to the wound ( Figure 1B ). These differences were not artifacts of morphants, because they were replicated in the mutant cloche, which has a geneticbased deficiency of all hematopoietic cell types including leukocytes [14] (Figure 1B ; see Movie S1 available online). Overall, [H 2 O 2 ] profiles were statistically significantly different between each of these leukocyte-depleted scenarios and WT ( Figure 1A , ii-iii). Hence, leukocytes are required for a normal decline of wound margin [H 2 O 2 ] after the initial burst of H 2 O 2 production.
We hypothesized that neutrophil-delivered myeloperoxidase is the leukocyte-delivered negative regulator of wound margin [H 2 O 2 ] . To test this, we used a new myeloperoxidasedeficient zebrafish mutant, durif (drf).
durif, a myeloperoxidase-Deficient Zebrafish Mutant drf resulted from the Melbourne Myeloid screen [15] , which collected mutants with recessive myeloid development defects based on loss of expression of several genes including myeloperoxidase (mpx), the zebrafish ortholog of mammalian Myeloperoxidase (Mpo) [8] . drf was recovered as an adult homozygous viable mutant that was neutrophil-replete, but its neutrophils lacked mpx transcripts (e.g., by in situ hybridization, Figure 2A ) and lacked Mpx enzymatic activity by two different Mpx-dependent histochemical stains ( Figures 2B  and 2C ). drf did not lack any hematopoietic cell type and retained expression of major hematopoietic lineage specification genes (tal1/scl, spi1/pu.1, gata1, ikzf1/ikaros, Figures  S1A-S1L ). In particular, drf embryos had normal numbers of myeloid cells, evidenced by normal expression of other genes *Correspondence: graham.lieschke@monash.edu expressed in myeloid cells (lcp1, ncf1) (Figures S1M-S1P) and normal numbers of cells expressing the Tg(lyz:DsRED2) neutrophil-specific transgene ( Figures S2Q and S2R ). Adult drf kidney marrow contained neutrophils of normal morphology and ultrastructure, but which lacked Mpx enzymatic activity ( Figures 2D and 2E) .
The drf mutation was positioned on chromosome 10 close to SSLP-z8146, placing it near the mpx locus. Normal expression of the Tg(mpx:EGFP) transgene, which incorporates >130 kb of BAC-derived mpx upstream sequences [11] in drf embryos, without rescue of Mpx function detected by Sudan Black staining (data not shown), confirmed that drf functioned as a cis-acting mpx mutation ( Figure 2F ).
Further mapping positioned drf < 0.08 cM from RFLP-356k, located w1.5 kb 3 0 of the mpx gene ( Figure 2G ). Sequence comparisons between WT and drf genomic DNAs and with somatic genomic DNA of the ethylnitrosourea (ENU)-mutated founder male identified an ENU-induced mutation 9 nt upstream of the intron12/exon13 junction ( Figure 2H ). This T/A transversion created a new favored splice acceptor site, resulting in a 7 nt insertion in the drf mpx messenger RNA (mRNA) transcript. The consequent frameshift generates a predicted stop 3 codons later ( Figure 2H ). The resultant truncation eliminates 101 or 232 residues of the two C-terminal variant zebrafish Mpx isoforms, including 41 residues comprising two a helices of the a-subunit peroxidase domain (pfam03098) [8] .
In summary, durif is an mpx mutant based on combined genetic and functional evidence as follows: tight pedigree and mapping genetic linkage data; a genomic lesion and corresponding aberrantly spliced mpx transcript; greatly reduced transcript abundance; absent enzymatic activity; phenotype rescue by mpx-replete neutrophils (see below). It provides a new animal model of myeloperoxidase deficiency closely phenocopying the prevalent human disorder and murine knockout [7, 12, 13, 16, 17] . Importantly, durif offered a unique experimental opportunity to investigate the consequence of myeloperoxidase deficiency on H 2 O 2 dynamics following injury. Figure 3A ; Movie S1). This essentially replicated the scenario in leukocyte-depleted spi1/csf3r morphants ( Figure 1) ] declined regionally as a lyz-DsRED2-marked neutrophil moved through the dorsal part of the tail wound (such cells have >90% likelihood of being a strongly mpx-expressing neutrophil, Figure S3D ), but movement of three leukocytes not expressing the lyz:DsRED2 reporter through the ventral wound zone did not locally suppress the [H 2 O 2 ] (these cells are highly likely to be macrophages, which do not express the lyz:DsRED2 transgene [18, 19] Figure S3E ).
The Initial Decline in
These data contribute to a growing number of diverse roles for H 2 O 2 and myeloperoxidase in host defense [20] . First, this tissue-H 2 O 2 /neutrophil-Mpx interaction provides for the immediate conversion of weakly microbicidal H 2 O 2 into much more potent antimicrobial halides at the right place (wound edge) at the right time (on neutrophil arrival). Indeed, the tissue-sourced burst of H 2 O 2 provides an inferred wound margin [H 2 O 2 ] of 0.5-50 mM [4, 9] , which is appropriate for Mpx to generate reactive halides [3, 7] . Because this does not require activation of the neutrophil oxidative burst, it suggests that the dual oxidase-dependent supply of H 2 O 2 to myeloperoxidase is more important than previously recognized [7] . However, because more severe clinical defects are seen in patients with NAPDH oxidase subunit defects [21] than with MPO deficiency, dual oxidase-generated H 2 O 2 is not sufficient to replace the neutrophil oxidative burst. Tissue-sourced H 2 O 2 interactions with MPO (as in Figure 3 ) may account for the differential vulnerability of chronic granulomatous disease patients to catalase-positive and -negative bacteria [3] . Second, evidence is accumulating that H 2 O 2 paracrine signaling and its leuckocyte sensing is a widely deployed, conserved mechanism from insects to mammals including humans [5, [22] [23] [24] [25] [26] . This new mechanism equips neutrophils with an inbuilt homeostatic mechanism to downregulate their earliest chemoattractant (H 2 O 2 ), aiding resolution of the inflammatory response. However, the resolution of small focal H 2 O 2 bursts without neutrophil arrival ( Figure S3C) O 2 ] in Mpx-deficiency on leukocyte migration and other leukocyte functions will be of interest [28] .
MPO deficiency is the commonest human congenital neutrophil disorder (incidence 1:2,000) but its impact on health and disease has been controversial [7, 12, 13] . Although many MPO-deficient individuals appear phenotypically normal, some associative studies suggest vulnerability to various inflammatory and infective disorders, whereas others have identified protective disease associations [7, [29] [30] [31] [32] . Our observations indicate that studies seeking to understand 
